I
n Mexico, the prevalence of obesity and type 2 diabetes mellitus (DM2) have steadily grown over the last 10 years, [1] [2] [3] closely following global tendencies. The prevalence of obesity among women 12 to 48 years of age doubled in 11 years, according to the 1988 and 1999 Mexican National Nutrition Surveys (NNSs). 2, 4 Most probably, the prevalence of obesity in males in the same age group has followed a similar pattern, although no data trends are available. Data from the 2000 Mexican Health Survey (MHS) reported a similar prevalence of overweight and obesity among males and females. 5 In 1999, the combined prevalence of overweight and obesity in children and adolescents was already high, varying from 5 to 25%, with a positive association with age. 6 The prevalence of both overweight and obesity increased five percentage points between 1988 and 1999. 6, 7 In other countries, the prevalence of overweight and obesity in children and adolescents increased three-fold in the last decade. 8 The increasing prevalence of obesity at early ages is an alarming public health problem because 25% of obese six year-olds and 75% of 12 year-olds will remain obese in adulthood. 9 In addition, obesity is etiologically associated with other components of metabolic syndrome (such as hypertension, high glucose concentrations, triglycerides, total cholesterol, low concentrations of HDLcholesterol, insulin resistance and truncal obesity). All of these alterations have been identified as risk factors for atherosclerosis, cardiovascular diseases and DM2. 10 Although DM2 is more frequent in adults, its prevalence in children, and especially in adolescents, 11 has increased ten-fold in the last two decades. 12 Those figures may be underestimated because DM2 is often misclassified, not diagnosed or not frequently reported. 13, 14 Thus, it is accepted that obesity in childhood is a risk factor for metabolic syndrome, DM2 and cardiovascular diseases in adult life.
The National Cholesterol Education Program of the United States has targeted obesity as one of the main objectives in the primary prevention of cardiovascular diseases. 15, 16 In Mexico, the information available on the magnitude and distribution of the components of metabolic syndrome and its association with obesity in children comes from non-probabilistic studies, 17 some of which are from the Mexican-American population. [18] [19] [20] This research was designed to describe the epidemiology of obesity and its association with several components of metabolic syndrome, such as serum concentrations of glucose, insulin and some lipids in a sample of youths ages 10 to 19 years selected from the MHS (2000).
This information can be useful for the design of interventions and as evidence of the effect of this public health epidemic on Mexican youth.
Material and Methods
Data for this analysis was obtained from the Mexican Health Survey (MHS) (2000) . The methodology has been published in detail elsewhere. 21 Briefly, the sample was selected based on the geographical characteristics of the localities and the states, which were obtained from available georeferential databases administered by the National Institute of Statistics, Geography and Informatics. This probabilistic survey has the statistical basis for being representative at the national and regional levels. households included one adult older than 20 years of age, one youth between 10 to19 years old and one child younger than 10 years were surveyed. The male:female ratio was 49.3:50.7%.
For the purpose of this study, a sub-sample of 1 997 subjects was randomly selected, representing 10% of the total sample of 19 735 youth 10 to 19 years of age. The subsample was representative of national rural and urban areas and four regional populations. The sub-sample was balanced according to gender, age, urban and rural areas, and geographic location. Rural households were defined as those located in communities of less than 2 500 inhabitants. Four geographic regions were selected to represent the degree of general economic development based on the classification previously used for the National Nutrition Survey (1999), in which the northern region was the most developed and the southern region the least developed. Central and Mexico City regions are considered intermediate. The regions were composed of the following states: 1) northern: Baja California, Baja California Sur, Coahuila, Chihuahua, Durango, Nuevo Leon and Sonora, 2) central: Aguascalientes, Colima, Guanajuato, Jalisco Mexico, Michoacan, Morelos, Nayarit, Queretaro, San Luis Potosi, Sinaloa and Zacatecas, 3) Mexico City, a region by itself, and 4) southern: Campeche, Chiapas, Guerrero, Hidalgo, Oaxaca, Puebla, Quintana Roo, Tabasco, Tlaxcala, Veracruz and Yucatan.
Variables for each subject selected were extracted from the general database and are described below. Serum samples were identified and extracted from a serum bank where the samples were stored at -70C. Original blood samples were obtained during the survey house visit, occurring between 8:00 am and 6:00 pm, thus, an undetermined proportion of blood samples with less than two hours of fasting were obtained.
Variables
Selected variables included: age, gender, housing, family history of DM2 and hypertension, height and body weight measurements and other socioeconomic variables. Serum samples frozen at -150°C were used to determine the concentrations of glucose, total cholesterol (TC), triglycerides (TG) and HDL-cholesterol (HDLc) in a Prestige semiautomatic analyzer, model 24i (Tokyo Boeki Medical System LTD, Tokyo, Japan). Insulin concentrations were measured by immunoassay in an automatic analyzer (TOSOH, model AIA 600, Tosoh, Inc, Tokyo, Japan).
Overweight and obesity were classified based on reference data for BMI (kg/m 2 ) from Cole et al, specific for age and gender with the following cut-off values: 1) normal <85th percentile, 2) overweight 85th-95th percentile and 3) obesity >95th percentile. 22 
Statistical analysis
Due to the characteristics of the survey design, in the present study the estimates were calculated using the complex survey STATA 8.2 "SVY" module (College Station, TX). This program makes adjustments based on the sample design and allows for the results to be generalized to those individuals in the population.* First, a descriptive analysis of the population characteristics was conducted. Gender-specific means and 95% confidence intervals (95%CI) were calculated for age, glucose, insulin, total cholesterol, HDL-cholesterol and triglycerides. Age-adjusted, gender-specific means were then estimated and stratified by BMI or by quintiles. Next, non-conditional multivariate logistic regression models, in order, were estimated for the purpose of analyzing the association between the main independent variables -BMI (normal, overweight and obese) and previous family history of diabetes-and gender, the prevalence of subjects in quintile 5 for distributions of glucose, insulin, total cholesterol, triglycerides or quintile 1 for HDL-Cholesterol. The model's adjustment was carried out using maximum likelihood estimates and a p-value cutoff point of >0.05, which indicated an appropriate adjustment. Probability ratios (PR) were estimated from odds ratios using the method proposed by Zhang.
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Ethical considerations
Consent for participation was obtained from a parent (usually the mother) or caregiver of all participants. The project was approved by the scientific and ethics committees of the Mexican National Institute of Public Health. In addition, data collection respected the confidentiality and reserve rights stipulated by the Mexican Statistical and Geographic information law.
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Results
The analysis included 1 997 youths ages 10 to19 years, with a balanced distribution by gender (females= 50.5%) and urban and rural areas (urban= 44.5%). Overall, 14.8% of the youths were overweight and 6.7% were obese. A total of 37.5% had a family history of DM2. Mean serum concentrations of glucose, insulin, TG, TC, and HDLc were within the normal limits proposed by the Atherosclerosis, Hypertension, and Obesity in Youths Committee. 15 There were no significant gender differences between these variables (Table I) .
The variations across quintiles 1 through 5 in mean concentrations of glucose (53.4-107 mg/dl), TG (69.2-277 mg/dl), TC (124.7-207.5 mg/dl) tended to be lower and those of insulin (5.2-67.4 uU/ml) tended to be higher for females compared to males. No statistical differences were found. Mean HDLc concentrations (females: 28.4-50.4 mg/dl) were comparable between genders (Table II) . The overall mean concentrations of glucose, insulin, TC, and TG were significantly higher and those of HDLc were significantly lower in obese subjects compared to those with normal BMI (p< 0.05-0.001), (figure 1).
The PRs for being in quintile 5 for glucose distribution were significantly higher for obese males and females (PR= 2.1, p< 0.001) than for their non-obese counterparts, and for female subjects with a history of DM2 (PR= 1.12, p< 0.02), but not for males. The PRs for being in quintile 5 for insulin distribution were significantly higher for obese males (PR= 3.51, p< 0.001) and females (PR= 3.3, p< 0.001) than for their non-obese counterparts, and for male (PR= 1.28, p< 0.02) and female (PR= 1.27, p< 0.02) subjects with a history of DM2. The PRs for being in quintile 5 for TG distribution were significantly higher for obese males (4.71, p< 0.001) and females (1.75, p< 0.001) than for their non-obese counterparts. Family history of DM did not increase the PRs. The PRs of being in quintile 5 for TC distribution were significantly higher for obese males (2.43, p< 0.001) and females 
Discussion
A strong association between obesity and the risk of higher serum concentrations of glucose, insulin, TG, TC and HDLc in youths was observed in this national survey. Several studies have shown that overweight and obesity in early years are risk factors for coronary disease and metabolic syndrome in adult life. 26, 27 Also, hyperinsulinemia and insulin resistance play a role in the pathogenesis of hypertension. 28 Hyperinsulinemia and hypertension are known risk factors for coronary hearth disease. 29 In addition, obesity and hyperinsulinemia are considered risks for type 2 diabetes mellitus, for which the prevalence is increasing at an alarming rate, especially in adolescents. 29, 30 Our data show that these risks are already present in a significant number of Mexican youth, especially in those that are obese. Identification of alterations in the components of metabolic syndrome has clinical and epidemiological relevance because these DM2 and cardiovascular disease risk factors can be reduced by individual and public health interventions. [31] [32] [33] Even small reductions in body weight are able to correct abnormalities in the components of metabolic syndrome, such as hyperglycemia, hyperinsulinemia, and dislipidemias. 32, 33 Interventions aimed at increasing physical activity and improving the diet are cost effective for reducing the risk of chronic diseases associated with obesity. 31, 34 The authors recognize that a limitation of this study is the inability to determine whether the cases were or were not in fasting condition. Thus, we were unable to (Table III) .
estimate the prevalence of abnormal concentrations of glucose, insulin and lipids. However, total cholesterol concentrations from this study are remarkably similar to those found for Mexican-Americans participating in NHANES. 35 The companion paper, reporting the distribution of dyslipidemias in adults (see Barquera et al), found a prevalence of >60% for males and females with HDL-cholesterol values <40 mg/dL, and >70% for individuals between 20 and 29 years of age. The prevalence of this abnormality was not significantly associated with obesity. However, in our sample, the mean concentrations of HDLc were significantly lower in non-obese subjects than in those who were overweight and obese. In addition, there was no reason to assume that the distribution of fasting/non fasting cases varies across BMI groups; thus, it is believed that the observed associations are not biased. The interpretation of TG data in our study must be carefully considered since TG serum concentration increases in the absorptive state. On the other hand, serum HDLc concentrations show negligible changes in the absorptive state. 36, 37 In summary, our findings support the notion of a relevant association between obesity at these early ages and the development of alterations in the components of metabolic syndrome. These findings must be included in the development of informed interventions through primary prevention aimed at the prevention and reduction of cardiovascular risk factors.
